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SUHVHQFHRI PXOWLSOH VSUD\ZDWHU MHWV QXPHULFDOO\ 7KH VLPXODWLRQ LV FDUULHGRXWE\PRGHOOLQJ DQGGLVFUHWL]LQJ WKH JRYHUQLQJ
HQHUJ\HTXDWLRQVXVLQJILQLWHYROXPHPHWKRGDQGWKHOLQHDUVLPXOWDQHRXVHTXDWLRQVDUHVROYHGE\WULGLDJRQDOPDWUL[DOJRULWKP









6WHHO SODWHV DUH ZLGHO\ XVHG LQ PDQ\ HQJLQHHULQJ DSSOLFDWLRQV VXFK DV DXWRPRELOH LQGXVWULHV FRQVWUXFWLRQ
SXUSRVHVHWF7KHILQDO SODWHV DUHREWDLQHGE\FRQWUROOHGFRROLQJZKLFKGHWHUPLQHVWKHPHFKDQLFDODQGPHWDOOXUJLFDO
SURSHUWLHV RI WKH SURGXFWV 2YHU WKH ODVW IHZ GHFDGHV ZRUNV KDYH EHHQ FDUULHG RXW E\ VHYHUDO UHVHDUFKHUV IRU
XQGHUVWDQGLQJWKHWHPSHUDWXUHSURILOHRIWKHKRWUROOHGVWHHO SODWHV,QWKHFRQWH[W 7LPP HWDO GHVFULEHGDQ
DQDO\WLFDO PHWKRG IRU KHDW WUDQVIHU PRGHOLQJ LQ FDVH RI VXEFRROHG MHW LPSLQJHPHQW ERLOLQJ DW KLJK ZDOO
WHPSHUDWXUHV %LVZDV HW DO SUHGLFWHG WKH WHPSHUDWXUH SURILOH LQ DFFHOHUDWHG FRROLQJ SURFHVV RI VWHHO E\
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VWXG\LQJ WKHYDULDWLRQRIQRUPDOL]HG WHPSHUDWXUHZLWK WKHSRVLWLRQRIZDWHU MHW LPSLQJHPHQW+RUVN\ HWDO
H[SHULPHQWDOO\VWXGLHGWKHGLVWULEXWLRQRIKHDWWUDQVIHUFRHIILFLHQWDQGKHDWIOX[RYHUORQJDQGIODWSURGXFWVLQKRW
UROOLQJ DQG VKRZHG WKHLU GHSHQGHQFH RQ ZDWHU MHW DQG VWULS YHORFLW\ 6HUDM]DGHK HW DO SUHVHQWHG D
PDWKHPDWLFDO PRGHO EDVHG RQ ILQLWH HOHPHQW PHWKRG DQG DGGLWLYLW\ UXOH WR SUHGLFW WKH WHPSHUDWXUH KLVWRU\ DQG
PLFURVWUXFWXUDO FKDQJHV GXULQJ FRROLQJ RI VWHHO 5HFHQWO\ )XMLPLWR HW DO VWXGLHG QXPHULFDOO\ WKH WUDQVLHQW
FRROLQJRIDKRWVROLGE\WKHLPSLQJHPHQWRIDQD[LV\PPHWULFZDWHUMHW+RZHYHUWKHXWLOL]DWLRQRIKHDWOLQHVDORQJ
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$W WKH SRLQWV RI WKH MHW LPSDFW WKH LVRWKHUPV DUH DSSDUHQWO\ GHQVHU GXH WR WKH KLJK KHDW WUDQVIHU UDWH LQ WKH



















PVPVDQGPV,Q)LJD LW LVFOHDUO\HYLGHQWWKDW WKHGLYLGHU KHDWOLQHPRYHVGRZQZLWKGHFUHDVLQJ
SODWHYHORFLW\$VWKHSODWHYHORFLW\LQFUHDVHVWKHWKHUPDOO\XQDIIHFWHG]RQHDOVRLQFUHDVHV7KHKHDWWUDQVIHUIURP
WKH WKHUPDOO\XQDIIHFWHG]RQH LV UHSUHVHQWHGE\PD[LPXPGLIIHUHQFH'+PD[EHWZHHQ WKHKHDW IXQFWLRQYDOXHVRI
WKHGLYLGHUKHDWOLQHDQGWKHUHIHUHQFHKHDWOLQHWDNHQDW\ KDYLQJDYDOXHRI]HUR,W LVPHQWLRQHGKHUHWKDWǻ+
DFWXDOO\ VLJQLILHV WKH WRWDO HQHUJ\ IORZ UDWH SHU XQLW QRUPDO OHQJWK EHWZHHQ WZR KHDWOLQHV )LJ  E VKRZV WKH
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(IIHFWRIKHDWWUDQVIHUFRHIILFLHQW
,Q)LJ  WKHGLVWULEXWLRQRI GLYLGHU KHDWOLQH LV VKRZQZLWK HIIHFWLYH KHDW WUDQVIHU FRHIILFLHQW$KHDW WUDQVIHU
FRHIILFLHQWLVXVHGWRUHSUHVHQWDFRROLQJPHWKRGVXFKDVVSUD\ZDWHUMHWLPSLQJHPHQWFRROLQJ,QRUGHUWRREVHUYH
WKHHIIHFWRIKHDWWUDQVIHUFRHIILFLHQWRQKHDWWUDQVIHUEHKDYLRXUWKUHHGLIIHUHQWFRHIILFLHQWVDVKHIIHFKHIIHF DQGKHIIHF
DUH FRQVLGHUHG DQG WKH FRUUHVSRQGLQJ YDOXHV RI ǻ+PD[ REWDLQHG DUH   DQG 0:P UHVSHFWLYHO\ ,W LV






,Q WKLVSDSHU WKHYLVXDOL]DWLRQVRI KHDWOLQHVDQG LVRWKHUPVGXULQJFRROLQJSURFHVVRIDKRWPRYLQJ VWHHOSODWH
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